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= f(x, y, t, t/ε, ε),
dy
dt
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 &!#  #  3
dx
dt
= f(x, y, εt, t, ε),
dy
dt
= εg(x, y, εt, t, ε).
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dt
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θ : R × Ω → Ω, θ0 = idΩ, θt1 ◦ θt2(= θt1θt2) = θt1+t2 .
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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θtω(·) = ω(· + t) − ω(t), ω ∈ Ω, t ∈ R.
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φ : R+ × Ω × H → H
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 φ  #
φ(t, ω, X∗(ω)) = X∗(θtω) # t ≥ 0, ω ∈ Ω.
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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	 P  
 
8 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 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    	 
 9
8  3 (t, ω) → X∗(θtω)  
  
 3 
 #   
 	 








% #  # 

3   M = {M(ω)}ω∈Ω     
   # # 
y ∈ H  33 

Ω  ω → dist(y, M(ω)) := inf
x∈M(ω)
‖x − y‖H
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Ω × Rd2  (ω, y) → γ∗(ω, y) ∈ Rd1
 	  #	
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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 G 3 = 
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 y #  ω ∈ Ω 
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 y ∈ Rd2 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    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M∗(ω) := {(γ∗(ω, y), y)|y ∈ Rd2}.
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 # z ∈ Rd
Ω  ω → inf
(x,y)∈M∗(ω)
|z − (x, y)| = inf
y∈Rd2
|z − (γ∗(ω, y), y)|
= inf
y∈Qd2
|z − (γ∗(ω, y), y)|
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dist(φ(t, ω, z), M∗(θtω)) = 0 # z ∈ Rd
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φ̃ : R+ × Ω × Rd → Rd A
 
φ̃(t, ω, z) := V (θtω, φ(t, ω, V
−1(ω, z)))
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M∗(·) := V −1(·, M̃∗(·)),
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Θε = (Ω, F, P, θ
ε), θε = {θεt}t∈R
#  ε > 0 "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 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Ω := Ω1 × Ω2  (ω1, ω2) → A(ω1, ω2) ∈ L(Rd1 , Rd1),
Ω1 × Ω2  (ω1, ω2) → B(ω1, ω2) ∈ L(Rd2 , Rd2)
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(A2). >  

 cA > 0 
 cB ≥ 0 	 
(A(ω1, ω2)x, x) ≤ −cA|x|2 ∀(ω1, ω2) ∈ Ω1 × Ω2, ∀x ∈ Rd1 ,
||B(ω1, ω2)|| ≤ cB ∀(ω1, ω2) ∈ Ω1 × Ω2,
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 x ∈ Rk
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t ω2), ω := (ω1, ω2) ∈ Ω.
G UεA(t, ω) 
 U
ε
εB(t, ω)   #	

 	 













   	 
  33    A > /3

 ε  
   #  
 
    
   
3	  # Θε "




# ω  #	

 	 
 UA, UεB  	3 
  3 #  
 33 

L(Rdi , Rdi), i = 1, 2
9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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  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 a 
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||UεA(t − s, ω)|| ≤ ae−cA(t−s) # t ≥ s, ω ∈ Ω, );*
||UεεB(t − s, ω)|| ≤ beεcB|t−s| # 
 t, s, ω ∈ Ω. )-*
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 A/ (x, y) ∈ Rd8 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 33 

Ω1 × Ω2  (ω1, ω2) → F (ω1, ω2, x, y) ∈ Rd1 ,
Ω1 × Ω2  (ω1, ω2) → G(ω1, ω2, x, y) ∈ Rd2
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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 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
 L 	  # 
 (ω1, ω2) ∈
Ω1 × Ω2 
 # 
 (x1, y1), (x2, y2) ∈ Rd
|F (ω1, ω2, x1, y1) − F (ω1, ω2, x2, y2)| ≤ L(|x1 − x2| + |y1 − y2|),
|G(ω1, ω2, x1, y1) − G(ω1, ω2, x2, y2)| ≤ L(|x1 − x2| + |y1 − y2|). )*
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 J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(A4). >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 cF 
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sup
(x, y) ∈ Rd,
(ω1, ω2) ∈ Ω1 × Ω2
|F (ω1, ω2, x, y)| =: cF ,
sup
(x, y) ∈ Rd,
(ω1, ω2) ∈ Ω1 × Ω2
|G(ω1, ω2, x, y)| =: cG.
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2,ε




t ω2, x, y),
dy
dt
= εB(θ1t ω1, θ
2,ε




t ω2, x, y).
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(x0, y0) ∈ Rd1+d2 
  (ω1, ω2) ∈ Ω1 × Ω2
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dy = Bydt + G(x, y)dt + dw2,
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dw1, dy = By dt + dw2. )2*
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 
ω1 → x1, 1ε (ω1) ∈ Rd1 , ω2 → y2(ω2) ∈ Rd2 	 
(t, ω1) → x1, 1ε (θ1t ω1), (t, ω2) → y2(θ2t ω2)
 	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 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 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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  (θ1, θ2)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:= Vε(ω1, ω2, x, y) =:
(



















F (x̃ + x1,
1




= Bỹ + G(x̃ + x1,
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    6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 # x − x1, 1ε (ω1), y − y2(ω2) )* 

















  &  V := Vε   	 
 # )*8 
  ),*
    
  # 
   33 9
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  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 	 		
# Vε  # )*  
  
  
 #   ),*
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UA(t − τ)U∗A(s − τ)dτ # t ≥ s,
&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  	 U 1
ε
A(εt) = UA(t) 9
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 # ε > 0
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= Ax + F (x + x1,
1




= εBx + εG(x + x1,
1
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ε , y2 "# & 
& 3 x1,
1
ε (θ1εtω1)  x
1,1(θ1t ω1)  
    	 
  G ,8 
 &  
   #  # )*
dx
dt




= εBx + εG(x + x1,1(θ1t ω1), y + y
2(θ2ε tω2)).
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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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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      	 
 # 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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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 Rd1  B
    &    

Lγ := ‖γ‖Lip := sup
y1 =y2∈Rd2
|γ(y1) − γ(y2)|
|y1 − y2| < ∞.
   φε2(t, ω, (x0, y0))    
 3

 # 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 
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
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 γ ∈ Lip(Rd2 , Rd1)  3
Rd2  y0 → φε2(t, θε−tω, (γ(y0), y0)) = ỹ ∈ Rd2
   








  Ψε(T, θεT ω, γ) 	  & 
y0 = Ψ
ε(T, θεT ω, γ)(ỹ).
L 
   3 & 
 A
  




 γ ∈ Lip(Rd2 , Rd1)  
  #	
 
 γ̂ : Rd2 → Rd1 
Φε(T, ω, γ)(ỹ) := φε1(T, ω, (γ(Ψ
ε(T, θεT ω, γ)(ỹ)), Ψ
ε(T, θεT ω, γ)(ỹ))). );*
B	 
 3    #&0
(H2) > 33 
 Φ
ε(T, ω, γ)  A   33 #  ε > 08   #

 T1, T2 & 






     #  3  #& 
 # 
  	 % ω ∈ Ω  γ∗,ε(ω, .) ∈ Lip(Rd2 , Rd1)   γ∗,ε(ω, ·)  

 
   Φε&  t > 0, ω ∈ Ω  










 γ∗,ε    A/ 3 
 # Φε & 
φε(t, ω,(γ∗,ε(ω, y0), y0)) = (φε1(t, ω, (γ
∗,ε(ω, y0), y0)), φε2(t, ω, (γ
∗,ε(ω, y0), y0)))
=(φε1(t, ω, (γ
∗,ε(ω, Ψε(t, θεt ω, γ
∗,ε(ω, ·))(ỹ)), Ψε(t, θεt ω, γ∗,ε(ω, ·))(ỹ))), ỹ)
=(Φε(t, ω, γ∗,ε(ω, .))(ỹ), ỹ) = (γ∗,ε(θεt ω, ỹ), ỹ) ∈ Mε(θεt ω).
 G 2 & 
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= A(θεt ω)x + F (θ
ε
t ω, x, y), 0 < t < T,
dy
dt




x(0) = γ(y(0)), y(T ) = ỹ, )*
& ε     3   38 ỹ ∈ Rd2 , T > 08 




 	   
     ' 
zε(., ω, T, γ, ỹ) = (xε(., ω, T, γ, ỹ), yε(., ω, T, γ, ỹ)).
"       ỹ 
 yε(0, ω, T, γ, ỹ)) = y0"  "
 (H1)  
 
    Ψ
ε 
    Φε 
 
Ψε(T, θεT ω, γ)(ỹ) := y
ε(0, ω, T, γ, ỹ), Φε(T, ω, γ)(ỹ) := xε(T, ω, T, γ, ỹ). )*
  	    (A1)−(A3) 
 (A5)   
   
ỹ ∈ Rd2 , T > 0, ω ∈ Ω, γ ∈ Lip(Rd1 , Rd2)    (	  
 ε0 	   0 < ε < ε0  
   )-*8)*  
'  (xε(t, ω, T, γ, ỹ), yε(t, ω, T, γ, ỹ))
  A 
 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 	





x(t) = UεA(t, ω)γ(y(0)) +
∫ t
0
UεA(t − s, θεsω)F (θεsω, x(s), y(s))ds,
y(t) = UεεB(t − T, θεT ω)ỹ + ε
∫ t
T
UεεB(t − s, θεsω)G(θεsω, x(s), y(s))ds.
)*

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	 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	  #& 
 3
C1 := C([0, T ], R








e−α(T−t)|x(t)| # x ∈ C1,
||y||2,α := max
0≤t≤T
e−α(T−t)|y(t)| # y ∈ C2,
),*
& α    3   
	  # 

cA − α > aL. )2*
G C   3	 3 C := C1 × C28 z = (x, y) ∈ C C 7	 33 &  


||z||α := ||x||1,α + ||y||2,α )*
   
 3
 A/ ω, T, γ, ỹ &  
	  3 Tε1 : C → C1 
 Tε2 : C → C2 




UεεB(t − s, θεsω) G(θεsω, x(s), y(s))ds,
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 	 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 zε # Tε 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 #  )*8 

	 #  	
 	 3 )-*8 )*
L
 	 	3 
 8 Tε 3 C  
  # "
 & #& & & 
Tε      
 
 zi = (xi, yi) ∈ C, i = 1, 2, & 
Δx := x1 − x2, Δy := y2 − y1, |Δz| := |Δx| + |Δy|. )*
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	8 &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 Δẑ
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α − εcB ||Δz||α e
α(T−t), );*

 	     ),*
||Δŷ||2,α ≤ εbL
α − εcB ||Δz||α. )-*
%
	8 &  
 # )*8 )* 
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 # ),*
|Δx̂(t)| ≤ e−cAtaLγ |Δŷ(0)| + aLe
α(T−t)
cA − α ||Δz||α.
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 )*8 )-*8 
 ),* & 
||Δẑ||α ≤ κ(ε, Lγ)||Δz||α, ),*
&
κ(ε) := κ(ε, Lγ) :=
εbL
α − εcB (1 + aLγ) +
aL




 (A5)   
κ(0) =
aL
cA − α < 1, κ
′(ε) > 0 # ε > 0.
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0 < κ0 < 18 	 
κ(ε) ≤ κ0 < 1 # 0 ≤ ε ≤ ε0.
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(xε(t, ω, T, γ, ỹ), yε(t, ω, T, γ, ỹ)).
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   2,   
    ω ∈
Ω, T > 0, ỹ ∈ Rd2 , t ∈ [0, T ] 
  (	  ε   zε(t, ω, T, γ, ỹ)
 )-*8 )* 

 	  	  γ ∈ L&
sup
ỹ∈Rd2
‖zε(., ω, T, γ1, ỹ) − zε(., ω, T, γ2, ỹ)‖α ≤ ae
−αT
1 − κ(ε, Lγ1)
||γ1 − γ2||∞, ),2*
 κ(ε, Lγ)  

  ),,*
 G γ1 
 γ2  
 #	
 
 # L  G 2,8   
 (ω, T, γ, ỹ)
 /  # 	C 
  ε  	
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 3 
 zε #  3 Tεγ 

Δγz












 ),* & 
‖Δγzε‖α =‖Tεγ1zε(., ω, T, γ1, ỹ) − Tεγ2zε(., ω, T, γ2, ỹ)‖α
≤‖Tεγ1zε(., ω, T, γ1, ỹ) − Tεγ1zε(., ω, T, γ2, ỹ)‖α
+ ‖Tεγ1zε(., ω, T, γ2, ỹ) − Tεγ2zε(., ω, T, γ2, ỹ)‖α
≤κ(ε, Lγ1)‖Δγzε‖α
+ ‖Tεγ1zε(., ω, T, γ2, ỹ) − Tεγ2zε(., ω, T, γ2, ỹ)‖α.
),*
    &  # )*
‖Tεγ1zε(., ω, T, γ2, ỹ) − Tεγ2zε(., ω, T, γ2, ỹ)‖α




8 &  # ),*8 ),*
‖Δγzε‖α ≤ ae
−αT
1 − κ(ε, Lγ1)
||γ1 − γ2||∞.
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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1 − κ(ε, Lγ1)











1 − κ(ε, Lγ1)
||γ1 − γ2||∞.
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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   )*  3 
# Φε    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UεA(T − s, θεsω)F (θεsω, xε(s, ω, T, γ, ỹ), yε(s, ω, T, γ, ỹ))ds,
),;*

    L 
  #  	







 Rd1    #& 
 &  
	   LΓ ⊂ L & 

γ  #
Lγ = ||γ||Lip ≤ Γ.
 
    LΓ   3 
 3 &  3     ||γ1 −
γ2||∞.

  	     (A1)(A4) 
 "  (	
 ε 
 (	  T "    Φε(T, ω, .)    LΓ 
"  Γ     
Γ ≥ Γ∗ := b
1 − β − abe−Tα2
.








 (A4) &  # ),;* # γ ∈ L




ε(t) := zε(t, ω, T, γ, ỹ1) − zε(t, ω, T, γ, ỹ2), Δỹ := ỹ1 − ỹ2 '    );*

 ),* &  
 # γ ∈ LΓ∗
|Δỹyε(t)| ≤ εbL
α − εcB ||Δỹz
ε||α eα(T−t) + |Δỹ|beεcB(T−t), ),-*
|Δỹxε(t)| ≤ e−cAtaLγ |Δỹyε(0)| + aLe
α(T−t)
cA − α ‖Δỹz
ε||α. )2*
% 
     & 
‖Δỹyε‖2,α ≤ εbL









‖Δỹzε‖α + abLγ |Δỹ|e−T (α−εcB).
 ),-*8 )2* &  

‖Δỹzε‖α ≤ κ(ε, Lγ)‖Δỹzε‖α + (b + abLγe−T (α−εcB))|Δỹ|,
& κ(ε, Lγ)   A
  
 ),,* % 
  |Δỹx(T )| ≤ ‖Δỹz‖α & 
‖Φε(T, ω, γ)‖Lip ≤ b + abLγe
−αT+εcBT
1 − κ(ε, Lγ) .
G β ∈ (κ(0, Lγ) = aL/(cA − α), 1) >
     	C 
  ε0 	 
# 0 ≤ ε ≤ ε0 
 
 T > 0
1
1 − κ(ε, Lγ) <
1
1 − β , e
−T (α−εcB) ≤ e−Tα2 .
>	8 &  # 0 ≤ ε ≤ ε0
b(1 + aLγe
−T (α−εcB))




1 − β .

>    T0 > 0 	  # T ≥ T0
1 − β > abe−T0α2 .
9





1 − β ≤ Lγ
    #
Lγ ≥ Γ∗ := b




||Φε(T, ω, γ)||Lip ≤ Lγ
# 	C 
  T 8 	C 
  ε8 




       
 A/ 3 
 #  3 
# Φε(T, ω, .)
>








 & #& & &  &   3 
# Φε(T, ω, .)
    
   
 LΓ &  Γ A
  




  T 
  	    (A1) − (A5)   
 "   
	 k(ε, T )   (	  ε 
 (	  T
0 < k(ε, T ) ≤ k0 < 1,
	   γ1, γ2 ∈ LΓ"  Γ  

   2"
‖Φε(T, ω, γ1) − Φε(T, ω, γ2)‖∞ ≤ k(ε, T )‖γ1 − γ2‖∞,




 LΓ8  (x
ε(t, ω, T, γi, ỹ), y





 #  	
 	 3 )-*8 )* &  / 
 
  G 2,  
Δγx
ε(t, ỹ) := xε(t, ω, T, γ1, ỹ) − xε(t, ω, T, γ2, ỹ),
Δγy
ε(t, ỹ) := yε(t, ω, T, γ1, ỹ) − yε(t, ω, T, γ2, ỹ).
 ),;* & 












 # G 2 (  #
Δγξ
ε(T ) ≤ k(ε, T )‖Δγ‖∞. )2*
L
 	 	3 
 &  # )*
Δγξ























  3  ||γ1(yε(0, ω, T, γ1, ỹ)) − γ2(yε(0, ω, T, γ2, ỹ))||∞ &  
 #
γ1, γ2 ∈ LΓ
||γ1(yε(0, ω, T, γ1, ỹ)) − γ2(yε(0, ω, T, γ2, ỹ))||∞
≤ ||γ1(yε(0, ω, T, γ1, ỹ)) − γ1(yε(0, ω, T, γ2, ỹ))||∞




  A  





















||f ||α := max
0≤t≤T
e−α(T−t)|f(t)| # f ∈ C([0, T ], R),
& α    3   
	 A
  
 )2*8 &  
















α − εcB (||Δγξ
ε||α + ||Δγηε||α). )2*
"# & 	 ε     
α − ε(cB + bL) > 0
-
&  # )2*
||Δγηε||α ≤ bεL
α − ε(cB + bL) ||Δγξ
ε||α. )2*
F	 











α − εcB (||Δγξ














α − εcB (||Δγξ










 )2* &  










 ε  )2*   
0 < k1(0) =
aL
(cA − α) < 1,
	  & 




k(ε, T ) :=
ae−αT
1 − k1(ε)
&  # )2-*
||Δγξε||α ≤ k(ε, T )||Δγ||∞. )*
"    	  k(ε, T )  A 0 < k(ε, T ) ≤ k0 < 1 # 	C 
  ε 

	C 




ε(T ) ≤ ||Δγξε||α
&  
 # )*     #  
7	  )2*
'	33  T > 0  A  
	 
 #   G % 
  G
2 & 
   /   Γ̄ ∈ [0,∞) &  
   
 Γ∗ 	 
sup
t≤T,γ∈LΓ∗
‖Φε(t, ω, γ)‖Lip ≤ Γ̄ ∨ Γ∗.

> 
	  Φε(t, ω, γ), γ ∈ LΓ̄∨Γ∗ , t > 0   & A
 &    ε0 )
G 2,8 I( 22* 	C 
  >









Φε(t, θε−tω, LΓ∗) ⊂ LΓ̄∨Γ∗
& 
Φε(t, ω, Hε(ω)) ⊂ Hε(θεt ω)
# t ≥ 0 % 
     
 &    3   33 #
 3 
# Φε
  	 % (	   ε    Φε  
			 & % t1, t2 ≥ 0, ω ∈ Ω 
 γ ∈ Hε(ω)  
Φε(t1 + t2, ω, γ) = Φ
ε(t1, θt2ω, Φ
ε(t2, ω, γ)).
 >  
  
 
	   33 







1(t, ω, T1, γ, ỹ), y
ε
1(t, ω, T1γ, ỹ)), t ∈ [0, T1]
  	 


























ω, T2, μ, ỹ)), t ∈ [0, T2]
  	 





ω, μ)(ỹ) &  μ :=







yε(t, ω, T, γ, ỹ) :=
{





ω, T2, μ, ỹ)) # t ∈ [0, T1],
yε2(t − T1, θεT1ω, T2, μ, ỹ) # t ∈ (T1, T ],
)*
xε(t, ω, T, γ, ỹ) :=
{





ω, T2, μ, ỹ)) # t ∈ [0, T1],
xε2(t − T1, θεT1ω, T2, μ, ỹ) # t ∈ (T1, T ].
)*
)*    yε(·, ω, T, γ, ỹ)   
 
		 
 [0, T ] 
  
 3 	  
 t = T1
K	  )*   
 )* 
  & 
 # t ∈ [0, T1]








UεεB(t − s, θεsω)G(θεsω, xε1(s), yε1(s))ds
=UεεB(t − T1 − T2, θεT1+T2ω)ỹ + ε
∫ t
T1+T2





	   # 
   # )*  A  A 7	 
 # )* 

[0, T ]  ),* &  





T1ω, T2, μ, ỹ))). )2*
9
  )* 
  A
  
 # Φε(T1, ω, γ) & 










ω, T2, μ, ỹ))
=xε2(0, θ
ε




 # xε2 &  # t ∈ (T1, T1 + T2]  )*
xε(t, ω, T, γ, ỹ) =xε2(t − T1, θεT1ω, T2, μ, ỹ)




UεA(t − T1 − s, θεT1+sω)F (θεT1+sω, xε2(s), yε2(s))ds
=UεA(t − T1, θεT1ω)UεA(T1, ω)γ(yε1(0, ω, γ, yε2(0, θεT1ω, μ, ỹ)))
+ UεA(t − T1, θεT1ω)
∫ T1
0




UεA(t − T1 − s, θεT1+sω)F (θεT1+sω, xε2(s), yε2(s))ds.
%33 





  xε 
 yε  A )*
"
      / 
 #  
  
  




  )* &  
	    3 GΓ # 	

	 33 
 # Ω  
 LΓ 7	 33 &    




|γ1(ω, ỹ) − γ2(ω, ỹ)|.
"   
   3   3 (GΓ, d∞)   3
 
 #  3 
# Φε & A
 
 3 Sε 
  3 GΓ 
(ω, ỹ) → Sε(γ)(ω, ỹ) = Φε(T, θε−T ω, γ(θε−Tω))(ỹ).
> #& 
    
  
 	









ε > 3#       :<8
:<
 	    (A1) − (A5)   
   ε > 0
 (	  





  )*   
  
    

  γ∗,ε(ω) ∈
GΓ∗ * 

"    
 
d∞(γ∗,ε, 0) = sup
ω∈Ω
‖γ∗,ε(ω)‖∞ ≤ cF
cA(1 − k(ε, T )) . )*

 G T  	C 
  
 ε 	C 
  	   
	 

# G 2  >
  33 
 Sε    
 
 
 GΓ∗  +8 S
ε
3 GΓ∗  
  #  G 2 
   #  Φ





 #  A/ 3 






 # ỹ 
 ω ) I( 22* 9
8 Sε   	
 7	 A/
3 
 γ∗,ε ∈ GΓ∗  9
8 3 
 ω  θεT ω
Φε(T, ω, γ∗,ε)(·) = γ∗,ε(θεT ω, ·).
% 
  G 2; &  # t > 0
Φε(t, ω, γ∗,ε(ω)) = Φε(t, ·, Sε(γ∗,ε(·)))(ω) = Φε(t, ω, Φε(T, θε−T ω, γ∗,ε(θε−T ω)))
=Φε(t + T, θε−T ω, γ
∗,ε(θε−T ω)) = Φ
ε(T, θε−T+tω, Φ















 Sε  #  ε 
  T  ' A/ 3 
   
 GΓ̄∨Γ∗ & 
Φε(t, ω, γ∗,ε(ω)) = γ∗,ε(θεt ω) &      
 GΓ∗  % 
  G 2 

 









 & A 






d∞(Φε(t, ·, γ), Φε(t, ·, γ∗,ε(·))) = lim
t→∞





Sε ◦ Sε(γ)(ω, ỹ) = Φε(T, θε−T ω, Φε(T, θε−2T ω, γ(θε−2T ω)))(ỹ)





Sε ◦ · · · ◦ Sε(γ)︸ ︷︷ ︸
n− 






d∞(Φε(nT, ·, γ), γ∗,ε(θεT ·)) = 0 # γ ∈ GΓ∗
  /3

  #   
 
 33 # Sε B
   
8  
 33 & 
Φε(t, ω, γ(ω)) = Φε(t − n(t)T + T, θεn(t)T−T ω, Φε(n(t)T − T, ω, γ(ω))),
& n(t)       
 	  n(t)T    




& #&   G 3 = 
 




 (x0, y0) ∈ Rd & 
(xε(t), ỹt) := φ
ε(t, ω, (x0, y0)).
J  3 γ ∈ GΓ∗ 	  γ(ω, y0) = x0 >









|φε(t, ω, (x0, y0)) − z| ≤ |xε(t) − γ∗,ε(θεt ω, ỹt)|
= |Φε(t, ω, γ)(ỹt) − γ∗,ε(θεtω, ỹt)| ≤ d∞(Φε(t, ·, γ), γ∗,ε(θεt ·))
  	   





>    
7	  )* & A
 γ1 := S




 # )* 
‖γ1 − γ0‖∞ = ‖γ1‖∞ ≤ 1
cA
(1 − e−cAT )cF .
> 
  3     #  
 A/ 3 
  ) N  :<
> % *  3  )*





)*    
   γ∗,ε   ε > 0    


  )*    


























3 ỹ ∈ Rd2  >  
 #     
  
 # )*8 )*
> 
 & 






    
 L 
   
  # #   
  
 # &
          
   #  )* 	 
  3 # 
& 











(A6). '	33  # 
 (ω1, ω2) ∈ Ω1 × Ω2 
 t ≥ 0
lim
ε→0+




|F (ω1, θ2,εt ω2, x, y) − F (ω1, ω2, x, y)| = 0
	
 # # x, y 
 3 
2
  A 33 &   (A2) 
lim
ε→0+
‖UεA(t, θ1sω1, θ2εsω2) − U0A(t, θ1sω1, ω2)‖ = 0.
"# F   		   







   &  A    
  )* # ε = 0 G
y0(t, ỹ)   	 





y0(t, ỹ) = ỹ # t ∈ [0, T ] G 	 
  	 
 3 #  A 7	 

# )* # x0(0) = x0 ∈ Rd1  φ0ỹ,ω2(t, ω1, x0) &  3
 
  3
ỹ, ω2 >  3 





 3 	8 &    33










 γ ∈ GL &  
	  3
Φ0(t, ω, γ)(ỹ) := φ0ỹ,ω2(t, ω1, (γ(ỹ), ỹ)).
>  3   A
 
	   3 Φε  















 θ0t ω = (θ
1
t ω1, ω2) & A
 
 GΓ  3 S
0 
S0(γ)(ω, ỹ) := Φ0(T, θ0−T ω, γ(θ
0
−T ω))(ỹ)
& T, Γ   
  
 G 2;8 > 2-
     (A1) − (A5) 
    S0 
 ' 
 
  γ∗,0 ∈ GΓ∗
 > 3#   
	   3# # > 2- 9&8  3#
# G 28 2  














M0(ω1, ω2, ỹ) = {(γ∗,0(ω1, ω2, ỹ), ỹ)|ỹ ∈ Rd2}.
>  
 # &     
  





  &  3  ỹD  
 9
8   





   φ0ỹ,ω2 3 =  ỹ, ω2
"  
  3    
  
 # Mε # )* 
   & 
 #
M0
  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 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 
ω1 ∈ Ω1, ω2 ∈ Ω2, k ∈ N 





|γ∗,ε(ω1, ω2, ỹ) − γ∗,0(ω1, ω2, ỹ)| = 0.

 G xε(t, ω, ỹ), yε(t, ω, ỹ), t ∈ [0, T ] #  T > 0 
 ε ≥ 0 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 	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 # ε ≥ 0






εUεεB(t − s, θεsω)G(θεsω, xε(s, ỹ), yε(s, ỹ))ds| ≤ lim
ε→0
TεeεcBT cG = 0
	
 # # ỹ ∈ Rd2 
 ω ∈ Ω "
   
8 &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 # 
 t ∈ [0, T ]
lim
ε→0+
UεεB(t − T, θεT ω)ỹ = ỹ
	
 # # ỹ  




yε(t, ω, ỹ) = ỹ, lim
ε→0+
γ(yε(0, ω, ỹ)) = γ(ỹ) )*
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xε(T, ω, ỹ) = x0(T, ω, ỹ)
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Φε(T, ω, γ)(ỹ) = Φ0(T, ω, γ)(ỹ) );*
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A
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 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 xε(T ) 
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ε, yε) − F (θ1sω1, ω2, x0, ỹ) = F (θ1sω1, θ2εsω2, xε, yε) − F (θ1sω1, θ2εsω2, x0, ỹ)
+ F (θ1sω1, θ
2
εsω2, x
0, ỹ) − F (θ1sω1, ω2, x0, ỹ)
&  





e−cA(t−s)(L|xε(s) − x0(s)| + L|yε(s) − ỹ|
+ |F (θ1sω1, θ2εsω2, x0(s), ỹ) − F (θ1sω1, ω2, x0(s), ỹ)|)
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  # n ∈ N0
|γ∗,ε(ω, ỹ) − γ∗,0(ω, ỹ)|
=|Φε(nT, θε−nT ω, γ∗,ε(θε−nT ω))(ỹ) − Φ0(nT, θ0−nT ω, γ∗,0(θ0−nT ω))(ỹ)|
≤‖Φε(nT, θε−nT ω, γ∗,ε(θε−nT ω)) − Φε(nT, θε−nT ω, γ∗,0(θ0−nT ω))‖∞




+ |Φε(nT, θε−nT ω, γ∗,0(θ0−nT ω))(ỹ) − Φ0(nT, θ0−nT ω, γ∗,0(θ0−nT ω))(ỹ)|
& θ0t ω = (θ
1
t ω1, ω2) % 
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  ,!  a = 1 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   '
A(ω2)x + F (ω2, x, y) = 0 )-*
  '  x∗(ω2, y) =: γ∗,0(ω2, y)   ω2, y   


	  	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 ω2 ∈ Ω2
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 (A2) 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 A(ω2)







x = −A(ω2)−1F (ω2, x, y)
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